In a retrospective study of proved pseudoaneurysms (PAs) in 15 patients with transplanted organs (11 liver, three kidney, one pancreas), the results of computed tomography (CT), duplex sonography, and angiography were reviewed. Of the 15 cases of P A, eight occurred at the arterial anastomosis and seven were nonanastomotic. Three of the eight anastomotic PAs were caused by infection. Of the seven nonanastomotic PAs, four were caused by percutaneous biopsy, two were caused by infection, and one was of undetermined cause. In nine (60%) of the 15 patients the PAs were incidentally detected at imaging studies performed for other reasons. Diagnosis requires a high degree of suspicion. CT was performed in nine cases and duplex sonography in ten. The diagnosis of PA was made with CT in six (67%) patients and with duplex sonography in five (50%). CT and duplex sonography could not enable diagnosis when the PA was small, when the arterial anastomosis was not included in the field of study, or when enhancement with intravenously administered contrast material was suboptimal. Angiography depicted the PAs in allIS patients. In three liver transplant recipients with gastrointestinal tract bleeding, the causative PAs were detected only with angiography. of liver and 1.5%-6% of kidney transplant recipients (1-5). The most common vascular complication in hepatic and renal allografts is hepatic artery thrombosis and renal artery stenosis, respectively (2-4,6,7). In pancreas transplants, vascular thrombosis and infection are the most frequent complications (8) .
Pseudoaneurysms Complicating
Organ Transplantation: Roles of CT, Duplex Sonography, and Angiography! In a retrospective study of proved pseudoaneurysms (PAs) in 15 patients with transplanted organs (11 liver, three kidney, one pancreas), the results of computed tomography (CT), duplex sonography, and angiography were reviewed. Of the 15 cases of P A, eight occurred at the arterial anastomosis and seven were nonanastomotic. Three of the eight anastomotic PAs were caused by infection. Of the seven nonanastomotic PAs, four were caused by percutaneous biopsy, two were caused by infection, and one was of undetermined cause. In nine (60%) of the 15 patients the PAs were incidentally detected at imaging studies performed for other reasons. Diagnosis requires a high degree of suspicion. CT was performed in nine cases and duplex sonography in ten. The diagnosis of PA was made with CT in six (67%) patients and with duplex sonography in five (50%). CT and duplex sonography could not enable diagnosis when the PA was small, when the arterial anastomosis was not included in the field of study, or when enhancement with intravenously administered contrast material was suboptimal. Angiography depicted the PAs in allIS patients. In three liver transplant recipients with gastrointestinal tract bleeding, the causative PAs were detected only with angiography. of liver and 1.5%-6% of kidney transplant recipients (1) (2) (3) (4) (5) . The most common vascular complication in hepatic and renal allografts is hepatic artery thrombosis and renal artery stenosis, respectively (2) (3) (4) 6, 7) . In pancreas transplants, vascular thrombosis and infection are the most frequent complications (8) .
A pseudoaneurysm (PA) is an uncommon vascular complication following organ transplantation. The potential for rupture, followed by fatal hemorrhage, makes early diagnosis and treatment of PAs important to patient survival. Generally a complication of vascular reconstruction, PAs usually occur at arterial anastomoses and are often the result of infection. PAs may also occur after percutaneous needle biopsy. Since PAs may be asymptomatic, they are often detected at imaging studies performed for other reasons. DiagnOSiS of these lesions requires a high degree of suspicion. In this study, we report the computed tomographic (CT), duplex sonographic, and angiographic findings in 15 organ transplant recipients with PAs.
SUBJECTS AND METHODS
From January 1981 through July 1987, 1,211 liver, 1,162 kidney, and 14 pancreas transplantations were performed at our institution. The current study is a retrospective analysis of the findings in 15 patients who received organ transplants (11 veloped PAs postoperatively ( Table 1 ).
Nine of the 15 patients (all liver transplant recipients) were examined with CT. Indications for CT in these patients included suspected abdominal abscess (n = 4), graft dysfunction (n = 1), falling hematocrit (n = I), suspected bile leak (n = 1), back pain (n = 1), and further evaluation of a PA seen at duplex sonography (n = I). All CT scans were obtained on a General Electric 9800 scanner (Milwaukee). Scans were generally obtained at contiguous l-cm intervals through the entire abdomen follOWing the oral and intra· venous administration of contrast material. Contrast material was not given intravenously in patients with a history of allergic reaction or poor renal function.
Ten of the 15 patients (six liver, three kidney, one pancreas recipients) were examined with duplex sonography. Indications for duplex sonography in these pa· tients included graft dysfunction (II = 4), assessment of hepatic artery patency (n = 2), aspiration of suspected abscess (n = 2), exclusion of a diagnOSiS of abdominal abscess (n = 1), and search for a vascular cause of a diminished femoral pulse (n = 1). All duplex examinations were performed on an Acuson 128 (Mountain View, Calif) computed sonography unit. AllIS patients underwent angiographic evaluation. Findings from only the CT and duplex sonographic examinations that were performed within 2 weeks of angiography were included in this study.
Allograft revascularization followed standard surgical techniques. In seven liver transplants, rearterialization was performed by end-to-end anastomosis between the donor celiac axis and the recipient common hepatic artery. In two liver transplants, revascularization was performed with a donor iliac artery homograft as an interposition arterial conduit between the recipient abdominal aorta and the donor celiac axis. In two liver transplants, the donor aorta with the attached allograft blood supply was used as an arterial conduit from the recipient abdominal aorta. The three renal transplants underwent end-to-side anastomosis of the allograft renal artery to the reCipient external iliac artery. The single pancreas transplant was revascularized with the recipient left common iliac artery. Table 1 = donor iliac arterv as an interposition graft between recipient aorta and donor celiac axis, A -donor aorta with attached allograft blood supply a. an arterial conduit from the recipient aorta, R = donor TE'nal artery to recipient external ili.l( artery, P = pancreatic allograft revascularization with the common iliac artery .
..,
Data apply to PAs not caused by biopsy. In patient. 14 and 15, information is time interval from ,'llograf! removal to diagnosis of PA .
1+ '"' PA identified, --PA not identified, NS = no study performed.
RESULTS Liver Transplants
Eleven of the 15 cases of P A occurred in liver transplant recipients; six were in adults and five were in children ( Table 1) . The location of the PA in six of the 11 patients was at the arterial anastomosis (patients 1, 4, 5,7,9,10), whereas in five it was nonanastomotic (patients 2, 3, 6, 8, 11) . The cause of two of the six anastomotic PAs was infection (patients 4, 10). Of the five nonanastomotic PAs, two were caused by infection (patients 3, 6), two were caused by percutaneous organ biopsy (patients 8, 11), and one was of undetermined cause (patient 2).
Angiography demonstrated the PAs in all 11 liver transplants.
Six (67%) of the nine CT scans obtained in the liver transplant recipients demonstrated the PA. Four of the six positive CT scans demonstrated the P A to be at the anastomosis (Fig 1) , and two demonstrated it to be nonanastomotic (Fig 2) . In three patients CT failed to demonstrate the P A. In one of the three patients (patient 6, Fig 3) , angiography revealed small aneurysms in the pancreaticoduodenal arteries. In another patient (patient 4), angiography revealed PAs of both the celiac-hepatic artery anastomosis and the ligated stump of the donor gastroduodenal artery. In the third patient (patient 8, Fig 4) , angiography revealed a small biopsyrelated P A. In all three cases, intravenously administered contrast material enhancement was either not used (patient 4) or suboptimal because a nonbolus technique was used (patients 6, 8) . While CT did not demonstrate these PAs, probably because of their small size or poor enhancement, in two patients CT revealed evidence of recent hemorrhage, which was subhepatic in one (patient 4) and intrahepatic in the other (patient 8, Fig 4) . These findings prompted angiographic evaluation, which documented PAs in both cases. Results in two (33%) of the six duplex sonographic examinations performed in the liver transplant recipients (patients 1,2) suggested a diagnosis of P A, leading to angiographic evaluation (Fig 5) . Of the four cases in which duplex sonography failed to enable diagnosis of the PA, two occurred in patients with a PA at an aortic graft anastomosis (patients 9, 10). In these two cases, the area of the aortic anastomosis was not included in the field of study. In both cases, however, the PA was identified at CT (Fig 1) . In the other two patients (patients 4,11), sonography demonstrated hypoechoic collections corresponding in size, location, and configuration to the PA diagnosed at angiography. However, since the Doppler cursor was not applied, the sonographic diagnosis of PA was not established in either case.
Kidney Transplants
Two of the three kidney transplant patient~ developed biopsy-related PAs (patients 12, 13) , and the other patient developed an anastomotic P A (patient 14) ( Table 1) . Two PAs (patients 12, 14) were initially detected at duplex sonography and subsequently confirmed with angiography (Fig 6) . The other biopsy-related PA (patient 13) was diagnosed inciden- tally during angiography performed because of decreased allograft function. CT scans were not obtained in these patients.
Pancreas Transplant
The single pancreas transplant recipient developed a mycotic PA after graft removal at the site of previous arterial anastomosis (patient 15) (Table 1). The PA was initially detected at duplex sonography and subsequently confirmed at angiography. CT was not performed.
DISCUSSION
In liver transplantation, vascular complications are an important diagnostic consideration in patients with fulminant hepatic failure, bile leak, relapsing bacteremia, gastrointestinal (GI) tract or intraabdominal bleeding, and hemobilia (1, 6) . The most common and most serious vascular complication is hepatic artery thrombosis. Uncommon vascular complications inc! ude hepatic artery stenoses, portal vein stenoses and thromboses, and inferior vena cava thromboses (1, 9) . Rare but life-threatening vascular complications include anastomotic, mycotic, and biopsy-related PAs.
In renal transplant recipients, vascular complications are a significant cause of graft loss and dysfunction. The reported frequency of vascular complications from renal transplantation varies from 3.5% to 14'7( (2-4,7,10). The most common vascular complication is renal artery stenosis, which occurs in 1.5%-10% of patients (2) (3) (4) (5) . Less common vascular complications include venous thromboses, anastomotic bleeding, arteriovenous fistulas, and PAs. As in liver transplants, PAs in renal allografts may form at the arterial anastomosis (5, 11, 12) , occur after renal biopsy (13), or be due to infection (5, 14, 15) .
The ability to diagnose visceral artery aneurysms with CT and duplex sonography in patients without transplants is well established. CT has been reported useful in the diagnosis of splenic (16,17), hepatic (18) (19) (20) (21) (22) , superior mesenteric (23) , and gastroduodenal (24) artery aneurysms and PAs. Sonography has likewise proved useful in the diagnosis of splenic (25) , hepatic (26) (27) (28) (29) (30) , superior mesenteric (31, 32) , and celiac (33) artery aneurysms and PAs. In renal allografts PAs have traditionally been diagnosed with angiography, but they may also be detected with sonography (12,13) and CT (34). Re-
1 cent reports have stressed the value of duplex sonography in the diagnosis of aneurysms, since it can demonstrate flow within the aneurysm (25, 27, 35) . In our study, duplex sonography played a diagnostic role in four patients (patients 1,2,12,15) in whom unsuspected PAs were initially detected as incidental findings, prompting angiographic evaluation. In particular, duplex sonography played a crucial role in two of these patients (patients 1, 15) who were referred for sonographically guided needle aspiration of fluid collections. Duplex sonography revealed the hypoechoic fluid collections to have mixed arterial and venous flow ( Fig  5) . A diagnOSiS of P A was suggested, leading to angiographic documentation. Potentially disastrous needle aspiration was averted.
PAs may be asymptomatic and detected incidentally during imaging evaluation for other reasons, as occurred in nine (60%) of the 15 patients (patients 1,2,5,7-9,12,13,15) reported herein. Diagnosis requires a high degree of suspicion. Sites of vascular anastomoses must be scrutinized for evidence of hematoma or abnormal contrast-enhancing areas on CT scans. Intravenously administered contrast material is very helpful, and in three of our cases small P As may have been missed because contrast material was not used (patient 4) or was used without bolus technique (patients 6, 8). In two patients (patients 5, 10), however, the diagnOSiS of PA was indicated without the help of contrast enhancement, due to the demonstration of a focal mass adjacent to the aortic anastomosis of iliac interposition grafts. At duplex sonography, any hypoechoic collection in the vicinity of an arterial anastomosis must be evaluated with pulsed Doppler. Detection of arterial flow is an indication for angiography (Fig 5) . The importance of evaluating vascular anastomoses is emphasized by the results in four of our cases, in which CT (patients 5, 9; Fig 1) or duplex sonography (patients 1, 15; Fig 5) depicted unsuspected anastomotic PAs, prompting angiographic evaluation. In two patients (patients 9, 10), the PA was not detected at duplex sonography, probably because the area of the aortic anastomosis of the conduit grafts was not included in the field of study. These arterial conduit grafts in pediatric liver transplants have proved extremely difficult to image with sonography and constitute a major source of potential diagnostic error. Often bowel gas obscures the conduit and anastomosis.
In three of the liver transplant recipients with PAs, GI tract bleeding was the initial symptom. In one patient bleeding was caused by an arterioenteric fistula. A small mycotic P A of the ligated donor gastroduodenal artery eroded into the Roux limb of the jejunum (patient 3). In the other two patients GI tract bleeding was due to hemobilia (patients 4, 6 ). Angiography demonstrated the PAs in all three cases. It is noteworthy that in two of these three patients (patients 4, 6) a CT scan was obtained, and in one patient (patient 4) duplex sonography was performed before angiography. In none of these three cases did CT or duplex sonography demonstrate the PAs; however, recent subhepatic hemorrhage was identified at CT in one patient (patient 4). In hemodynamically stable patients with hemobilia or with GI tract bleeding and a negative endoscopic evaluation, the initial diagnostic examination should be angiography. Technetium-99m-labeled red blood cell scanning may be helpful to localize a site of GI tract bleeding, thus directing angiographic evaluation. Regardless of the results of radionuc1ide scanning, angiography should still be performed to excl ude a PA as the underlying cause of bleeding. In one of our patients (patient 3), results of a Tc-99m-labeled red blood cell study were negative, while angiography demonstrated the causative PA In all three patients with GI tract bleeding, the PAs were small in caliber (Fig 3) , making diagnosis with CT or duplex sonography difficult.
In liver transplant patients who have undergone liver biopsy and have a falling hematocrit (patient 11) or an expanding intrahepatic hematoma (patients 8,11), the possibility of a biopsy-related PA with hematoma must be considered. Hematoma and PA are known complications of liver biopsy (36). In patient 8, an intrahepatic hematoma was seen as a mass of increased attenuation on CT scans (Fig 4) . In patient 11, the small PA was seen after intravenous contrast material enhancement (Fig 2) . In both cases CT led to angiographic evaluation and the diagnosis of PA. Since biopsy-related PAs may be small, they may (patient 11, Fig 2) or may not (patient 8, Fig 4) be seen at CT or duplex sonography. An enlarging intrahepatic hematoma in a patient who has undergone biopsy demands angiographic eval uation.
In kidney transplant patients, duplex sonography is routinely performed to evaluate for complications such as rejection, lymphocele, and hydronephrosis. Sonography is also useful in pancreas transplant recipients for detection of peri pancreatic fluid collections and parenchymal abnormalities (37). PAs are rare complications that can be diagnosed with duplex sonography. Any abnormal hypoechoic areas at the arterial anastomosis or within the allograft parenchyma should be evaluated with pulsed Doppler. The possibility of a P A should be considered in all transplant recipients with evidence of infection near the graft (patient 15) or in patients who have undergone biopsy (patients 12, 13; Fig 6) and who have deteriorating renal function, massive or prolonged hematuria, or a bruit over the graft. Angiography is necessary to confirm these PAs and assist in preoperative planning. Nonoperative management with embolization may be possible in select cases (13) . In our series, embolization was successfully used in one liver (patient 4) and one kidney (patient 12) transplant patient. While CT can demonstrate PAs in renal allografts, this diagnOSiS requires scanning after intravenous injection of contrast material (3-1). With a high degree of suspicion by the ultrasonographer and systematic application of the Doppler cursor to suspicious hypoechoic areas, duplex sonography is the screening examination of choice for detecting PA in kidney and pancreas transplant recipients.
In conclusion, because PAs are commonly asymptomatic and detected on imaging studies performed for other reasons, diagnosis requires close scrutiny of arterial anastomoses, beds of infection, or grafts recently sampled for biopsy. Any abnormal hypoechoic or anechoic collection in these areas must be evaluated with Doppler for evidence of arterial flow. In liver transplant recipients with falling hematocrit and no obvious source of bleeding clinically, CT may be helpful in directing angiographic evaluation. In liver transplant 'recipients with hemobilia or GI tract bleeding and negative results of endoscopy, angiography is the initial diagnostic examination of choice. Preoperative angiography should be performed in all patients.
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